Abstract: Over the past decade, Chinese exports have boomed, increasing far faster than GDP growth. What can account for this explosion? Our paper uses finely detailed Chinese export data (8-digit HS codes) combined with U.S. trade data to explore this question. Although exchange rate policy clearly boosted the trade surplus, and the structure of the economy, e.g. abundant cheap labor, encouraged investment, these alone cannot account for the changing composition and acceleration of exports. We find that the growth in exports is most likely a product of effective Chinese industrial policy and fortuitous timing. The detailed trade data reveal that key "new" technology goods, such as cell phones, LCD screens, and laptops played a critical role.
INTRODUCTION
Between 2000 and 2007, the value of Chinese exports more than quadrupled and rose from 20 percent to 35 percent of GDP (Figure 1 ). Imports failed to keep pace and the Chinese economy became more dependent on external demand; the current account surplus, mirroring the trade surplus, ballooned from less than 2 percent of GDP to a peak of 10 percent. Although other economies have had success utilizing an export-led growth strategy, such success in a country of China's size is unprecedented. In 2009, China became the largest global exporter and in 2010 passed Japan as the second largest economy in the world.
1 How was China able to accomplish this goal? In this paper, we use finely detailed trade data to differentiate amongst the various reasons given for China's rapid growth of exports. The reasons for China's success also shed light on the effects China's export boom have had on the manufacturing sectors of other countries. The data make clear that no one story, such as an undervalued exchange rate, can explain the surge in growth, as the growth was concentrated in specific sectorstextiles/apparel/furniture, metals (steel), and machinery-and within the machinery sector, growth was highly concentrated in specific products. Thus to answer the question of why exports boomed, one must answer why these particular sectors and products experienced outsized growth relative to others.
Textile and apparel producers benefited from the expiration of restrictive trade agreements, and these sectors along with furniture producers were also disproportionately aided by China's entry into the World Trade Organization, which allowed the country to take greater advantage of its vast pool of low-skill labor. Heavy industry, such as steel production, benefited from energy and capital subsidies, as well as from reform of state-owned-enterprises (SOEs), whose new profitability translated into a rapid expansion of capacity.
A key contribution of this paper is to shed some light on machinery exports. Aggregate trade data show that machinery exports accounted for almost half of Chinese export growth between 2000 and 2007. This has been cited by some as evidence of Chinese mercantilism, under the assumption that a developing country is unlikely to be an exporter of capital goods without official support. However, the highly disaggregated Chinese trade data, compiled by hand for this paper, show that the growth of Chinese machinery exports was concentrated in a few specific high-tech goods-cell phones, LCD displays, laptops, and integrated electronic circuits-not the prototypical examples of capital goods.
Although, we attribute some of the success of Chinese high-tech exports to industry-specific supports, such as the establishment of science parks, China's export boom likely would not have been achievable without a healthy dose of good luck in terms of timing. Global demand skyrocketed over this period for products based on these technologies, and Chinese producers were particularly well placed to take advantage: China's own domestic market became a key source of demand; labor costs in neighboring high-tech producers were on the rise; and, investment in the West, particularly in the high-tech sector, was severely impaired from the 2001 recession.
As Chinese exports surged, we find that China's gains in global manufacturing came primarily at the expense of advanced economies, with the U.S. share falling the most. As part of our examination of the effect on the United States, we look at manufacturing employment and conclude that the rise in Chinese exports led to some employment losses in certain sectors, but subpar GDP growth and investment were the principal factors behind the lack of a rebound in manufacturing employment following the 2001 recession.
The welfare implications for the United States of the increase in Chinese exports is beyond the scope of this paper, but it is important to note that it is not at all clear that the costs outweighed the benefits. The cost in loss of jobs is obvious, but the benefits included lower prices, more rapid adoption of new technology, and efficiency gains from the removal of trade barriers and through increased competition.
The paper is organized in 4 sections. Section 1 gives some background on the evolution of the Chinese economy and the factors that led to the boom in exports. This section examines Chinese exports at the readily-available 2-digit level of the Harmonized Commodity Description and Coding System (HS), which has been adopted by most countries. Section 2 uses 8-digit HS codes to delve further into the details of Chinese trade. Section 3 examines other countries' manufacturing sectors over the period, with a focus on the United States. Section 4 speculates on the implications of our research for the prospects of future Chinese export growth following the 2009 financial crisis. Section 5 concludes.
SECTION 1: THE GROWTH OF CHINESE EXPORTS: AN INITIAL LOOK
In the three decades since economic reforms were enacted in the late 1970s, China has experienced a remarkable period of consistently robust economic growth, with real GDP increasing 23-fold since 1977. The composition of growth, however, has evolved away from consumption over this period. Household consumption fell from an already low 50 percent of GDP in the early 1980s to around 35 percent by the mid-2000s as investment soared and the economy became more export-oriented. This process accelerated significantly at the start of the new millennium. In 2000, China's exports, measured in dollars, were a third of those of the United States and around half of those of Japan and Germany. By 2009, China had become the largest exporter in the world. Figure 2 sets the stage by showing, even at a fairly aggregated level, that Chinese exports growth was relatively concentrated in a few sectors. This growth was dominated first and foremost by machinery exports (HS categories 84 and 85), which accounted for about 45 percent of export growth. Textiles/furniture and metals accounted for 15 percent and 11 percent, respectively. The rest of this section examines each of the major categories of Chinese export growth. Until 2005, Chinese exports of apparel and textiles were limited by a series of gradually less constraining multilateral agreements-the Multifiber Arrangement (MFA, through 1995) and subsequently the Agreement on Textiles and Clothing (ATC). Without these agreements, China's enormous supply of cheap labor likely would have led to a much larger share of the global market earlier. Indeed, Brambilla et al. (2009) found that China was constrained more than any other nation by these agreements. Consequently, when the MFA expired, textile and apparel export growth from China rose rapidly, and surged further with the expiration of the ATC. As China gained market share, exports from most other regions declined. Chinese furniture exports (HS 94), began to increase rapidly back in the early 1990s and accelerated in the 2000s. Some of this production was shifted from Taiwan, which accounted for a large share of global furniture exports in the early 1990s. By 2007, Taiwan's share of U.S. furniture imports had fallen to 2 percent and China was by far the largest source. First, energy prices were heavily managed by the government and significantly subsidized. As the 2006 U.S. Manufacturing Energy Consumption survey confirms, steel and aluminum production are among the largest industrial energy consumers in terms of energy per dollar of value added.
5 Second, the cost of capital for SOEs, which dominate China's heavy industry, was extremely low. SOEs had ready access to bank borrowing at low interest rates because of implicit government backing. Third, the SOEs made substantial strides in improving efficiency and lowering costs. Hsieh and Klenow (2009) estimate that improvements in resource allocation account for about 2 percentage points per year of Chinese total factor productivity growth between 1998 and 2005. Reform of the SOEs began in the mid-1990s and dismantled the "iron rice bowl," the system of housing, pensions, and health care that accompanied SOE employment. As a result, the SOEs, which were money-losers in the decades prior to reform, began earning substantial profits for the first time. Since SOEs did not pay dividends to the government, they piled up retained earnings and generally had few options but to reinvest the earnings in expanding capacity. This fed a circle in which profits led to greater capacity and still greater profits. From 1995 to 2000, China's steel industry averaged $400 million in annual operating profits and crude steel production rose at an average pace of 6 percent per year. Beginning in 2000, profits and production began to rise rapidly in tandem-profits climbed from $2 billion in 2001 to more than $21 billion in China's share of global production rose from 15 to 45 percent.
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2007, and crude steel production rose at an average annual rate of 25 percent. Given the incentive structure, i.e. subsidized inputs and political approval of output growth, this reinvestment was optimal from the perspective of Chinese steel producers. Domestic demand could not absorb this massive production growth and China went from being a net importer of steel, as late as 2004, to the largest net exporter in the world.
Machinery 6
This category of exports grew 520 percent from 2001 through 2007 and, as noted earlier, accounted for roughly 45 percent of China's total export growth. A wide range of economists have attributed much of these gains to China's most visible trade policy, its exchange rate regime. For much of the decade, the renminbi was pegged to the U.S. dollar, and, as evidenced by China's massive accumulation of foreign exchange reserves, authorities have intervened heavily to keep it from appreciating. But the detailed trade data, discussed in the next section, indicate that this was likely not the primary factor in the growth of China's machinery exports as growth was concentrated in a few select products, whereas the exchange rate would be expected to have a broader effect by lowering the prices of Chinese goods generally.
SECTION 2: Machinery Exports: The Devil in the Details 7
In order to understand the growth of Chinese machinery exports, we now turn to the detailed trade data. Figure 5 shows exports of the machinery categories and the optical category (HS 90) at the 4-digit level; on the left is data for 2002 and on the right is data for 2007. As the figure illustrates, growth in the machinery categories was highly concentrated in high-tech goods. Digging even deeper, the 8-digit categories, shown in Figure 6 , reveal that the growth of machinery exports was dominated by four productscell phones, liquid crystal displays (LCDs), integrated electronic circuits, and laptopswhich together accounted for more than a third of the growth.
This concentration of export growth argues against China's exchange rate regime playing the major role. The exchange rate should have a more-or-less even handed influence across China's export industries, as all goods are made relatively cheaper, and therefore it is not a plausible explanation for the outsized growth of particular categories. Instead, the influence of the exchange rate can perhaps best be seen in the wide range of smaller bars in Figure 4 . Most subcategories of machinery exports increased significantly over the period, but their growth was dwarfed by a few categories for which we have special stories. For this reason, we believe papers that explain Chinese trade using more aggregated data, such as Ahmed (2010), Marquez and Schindler (2007) , and Thorbecke and Smith (2010) likely overestimate the importance of the exchange rate. But even using the relatively high elasticities common in the literature, the exchange rate 6 The machinery section includes HS categories 84 and 85. 
Exports of Electrical Machinery (HS Code 85) in 2007.
Not as concentrated as the 84s but phones, monitors, and integrated circuits dominate. would still account for only a minority of machinery export growth over the period. For example, assuming the renminbi became 30 percentage points more undervalued from 2001 to 2007 and the elasticity of Chinese exports was 1½, then the exchange rate would have accounted for less than 10 percent of machinery export growth.
For laptops, cell phones, LCDs, and integrated electronic circuits, China became the dominant global manufacturer and exporter because these products share characteristics that turned out to favor China. First, they are by-and-large "new" products. Though laptops and cell phones have been around for more than twenty years, each succeeding generation incorporates new technologies and production methods. Hence, there was an opportunity for new participants to enter the market and the need for established participants to open new facilities. Second, these products require large capital investments which were likely a barrier to entry for many firms. In particular, high-tech firms in the United States, reeling from the dot-com bust and a capital 
Exports of Data Processing Machines (HS Code 8471) in 2007.
Laptop exports account for almost all of 8471 exports. The surge in Chinese exports of laptops was not primarily a case of mainland production displacing other producers, but this was part of the story. Figure 7 shows U.S. imports of laptops by country of origin and reflects the move away from Taiwanese production of laptops to the mainland. In 2000, Taiwan accounted for more than 50 percent of U.S. laptop imports, whereas China accounted for less than ¼ percent. Government polices helped nurture domestic capabilities in consumer electronics and other advanced areas that would most likely not have developed in their absence (Rodrick (2006) ). China's laptop industry, for example, was aided by the creation of "science parks," the development of which have been instrumental in the surge of Chinese high-tech exports generally. Although these parks were originally formed to promote indigenous innovation, they evolved to depend more on foreign investment and technology transfer. As noted in Sutherland (2005) , in 2000, the Ministry of Science and Technology and Ministry of Foreign Trade approved a trial for about a third of the parks to become "high-technology export bases." Now, all of the parks have a bias toward this type of production. Foreign investment is drawn to these parks in particular by preferential tax policies. In addition, cheaper labor was a draw for high-tech investment, as in the case for Taiwanese laptop producers. As shown in Figure 8 , between 1995 and 2000, Taiwanese labor costs in computer, electronic, and optical manufacturing rose by more than a third. As high-tech production moved to the mainland, wage growth in Taiwan slowed. Foreign firms were also drawn to China because of the potentially huge domestic market. The Chinese market soared from 21 million personal computers in use at the end of 2000 to 86 million in 2007, second to only the United States.
11
Chinese laptop exports illustrate one of the primary points of Amiti and Freund (2010) , the only other paper we are aware of that used detailed Chinese Customs statistics. Using 6 and 8-digit HS codes, they concluded that Chinese export growth was mainly accounted for by growth in trade of existing products. Laptops were an existing product, with the first laptop computers manufactured in the early 1980s. However, new technology for producing LCD screens, new integrated electronic circuits, along with the widespread adoption of wireless technology, moved the laptop from a business-only luxury to a household consumable. In this sense, laptops were a new good in the 2000s. 
Electrical Machinery (HS 85)
Electrical machinery exports (HS 85, the middle panels of Figure 5 ) also grew as the result of new goods. The growth is not quite as concentrated as in HS 84, but it is still dominated by three product categories, phones (HS 8517), monitors and televisions (HS 8528), and integrated electronic circuits (HS 8542). Moreover, the 8-digit data (bottom panels of Figure 6 ) show that the growth in these categories was also almost wholly accounted for by cell phones, liquid crystal displays (LCDs), and microprocessors and memory. LCD technology also accounted for the majority of the surge in the optical apparatus (HS 90) category (the bottom panels of Figure 5) . As was the case with laptops transforming the computer market, cell phones and LCDs revolutionized the telephone, television, and computer monitor markets.
Cell Phones
Like for laptops, soaring global and domestic demand fueled China's rise in cell phone production and exports. 
Liquid Crystal Displays (LCDs)
The market for televisions and computer monitors experienced a technical revolution over the past decade. 
Integrated Electronic Circuits
Although microprocessors and memory have been a part of personal computers since their introduction in the late 1970s, the rapid turnover of the technology in these products, with new manufacturing processes required for each successive generation, makes them similar to "new" products every few years. For example, between 2000 and 2008, there were 4 different production processes, characterized by ever smaller etching technology, utilized by the main semiconductor manufacturers. Because of the everchanging technology and highly specialized processes, the capital requirements can be enormous. For example, a new semiconductor fabrication plant can cost as much as $5 billion dollars, with the equipment and necessary inventory holdings costing billions more. 16 To be profitable, the plants need to run at high volumes. According to the NBS, Chinese production of semiconductor integrated circuits increased from less than 6 billion pieces in 2000 to 42 billion pieces in 2007. Unlike for the other categories of exports discussed, the United States is not one of the primary markets for Chinese exports of integrated circuits. U.S. imports of integrated circuits have remained relatively flat since 2002 at around $22 billion, with China accounting for only $1.4 billion in 2007. This is likely because integrated circuits are an intermediate good, with China primarily exporting them to other countries as a step in the production process; the United States, however, may well be the primary market for the final product.
SECTION 3: The Effect of the Rise in Chinese Exports on Global Manufacturing
From 2000 to 2007, the value added of Chinese manufacturing output more than doubled in real terms, and its share of world manufacturing rose from less than 9 percent to 14½ percent (Figure 11) . 17 This nearly 6 percentage point increase in China's share of global manufacuring came mainly at the expense of advanced economies. The U.S. share of world manufacturing fell 2½ percentage points (from 23 percent to 20½ percent), Japan's fell 1¼, percentage points, Italy's and the United Kingdom's fell about 1 percentage point, and the shares of Germany, Canada, and France each fell a little more than ½ percentage point. Besides China, the only countries to gain at least ½ percentage point were South Korea and India. The loss of manufacturing shares by the advanced economies was not because manufacturing output fell, but because it did not grow as fast as in emerging market economies. Nevertheless, increases in productivity, owing in part to heightened competition from China, led to declines in manufacturing employment in most advanced economies. The United States and the United Kingdom led the declines with manufacturing employment falling by more than 20 percent in the United States and 27 percent in the United Kingdom, despite the fact that manufacturing value added grew 14 percent in the United States and was flat in the United Kingdom. To gain a bettter understanding of the effect of the rise in Chinese exports on the manufacturing sectors of the advanced economies, we examine more closely the impact on manufacturing employment in the United States.
United States
The manufacturing sector has been shrinking as a share of the U.S. economy since the early 1970s, but through 2000 real manufacturing production continued to climb and employment in the manufacturing sector remained stable except for fluctuations correlated with the business cycle (Figure 12) . However, between January 2000 and December 2007, manufacturing employment in the United States fell by 3.6 million, nearly 21 percent, to 13.7 million. No doubt some of these losses were attributable to the 2001 recession. But as shown in Figure 13 , overall manufacturing job losses during the 2001 recession were not unusual by historical U.S. standards. The panel plots manufacturing employment in the months centered around recession troughs (as designated by the NBER), indicated by the vertical line. The blue line corresponds to the average experience over the post-war recessions prior to the 2001 recession, which is plotted as the red line. The pattern of manufacturing employment was very typical prior to the recession and through its trough, but atypical from that point onward. In the past, manufacturing employment began to rebound within 6 months of the trough, but following the 2001 recession, manufacturing employment contined to fall for 2 years and then only flattened out rather than recover. To better quantify the different forces affecting U.S. employment, we regress the log difference of quarterly manufacturing employment on a constant, and the log differences of U.S. GDP, foreign GDP (weighted by U.S. exports), and investment in equipment and software (E&S). The right-hand side variables were estimated using third degree polynomials of four lags. We also include a first-order autoregressive error term, AR(1). The results are reported in Table 1 , with the statistics for the sum of the lags reported for the economic variables. We estimated the equation through 1999:Q4 in order to allow for out-of-sample forecasts from 2000 forward, our period of interest. The coefficients on the GDP variables are of the expected sign and statistically significant at the 5 percent confidence level. The coefficient on investment falls just short of signficance at the 10 percent level. The inclusion of the autoregressive term has little impact on the coefficients and significance of the other variables as its relatively low value would suggest. In Figure 14 , we show dynamic forecasts of the model through the 1980 and 1990 recessions. The model does a very good job of capturing both the contours and levels of employment, despite the very different characteristics of the two recessions. 18 It is important to note that the model shows that even after the recession's trough, U.S. GDP and investment growth were not sufficiently robust to prevent a further decline in employment over the next two years or a substantive rebound thereafter. We could not find a domestic macro variable capable of explaining the gap between the model fit and the data. 
Low Investment and GDP Growth Account for Much of the Employment Decline
This outcome may result from Chinese competition but we do not include these in our estimates.
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Chinese exports, competing with U.S.-produced goods in the domestic and foreign markets, likely account for part of this unusual pattern. U.S. job losses were concentrated in those sectors where Chinese exports grew most rapidly-more than half of the losses were in the apparel and textiles, furniture, metals, and computer industries (Figure 16 ). An Examination Industry-by-Industry To quantify the effect of Chinese competition on U.S. manufacturing employment, we regress the log change in employment on the log change in Chinese import penetration, the log change in import penetration excluding China, and the log change in U.S. industrial production. Import penetration is defined as the ratio of imports to domestic demand, and demand is calculated as industrial production minus the change in inventories and net exports. The first two columns of the table quantifies the estimated impact of import pentration on jobs. The number takes the coeficient on the relevant variable and multiplies it by the change in that variable between 2001 and 2007. The next four columns give the results of the regressions for the import pentration variables. Numbers highlighted in bold are statistically significant. The first line of the table shows the results of a panel regression with industry fixed effects (at the 3-digit NAICS level). A one percent increase in Chinese import penetration reduces employment across these manufacturing sectors by almost 3 percent. In contrast, the same increase in imports from other countries boosts employment by over 8 percent. Both coeficients are highly statistically significant. Moving down the table, regressions are conducted one industry at a time. The estimated job losses are concentrated in three industries. Fabricated metal, machinery, and computers. These three industries have relatively large coefficients and were large employers in 2001.
The panel regression coefficient implies that domestic competition from Chinese exports can account for approximately ¾ million of the 3½ million manufacturing jobs 
Job Losses were Spread across Every Major Subset of Manufacturing
Textiles and apparel were the biggest losers followed closely by computer manufacturing.
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lost. This regression may underestimate the effect on U.S. employment of Chinese exports by not fully capturing the effect of Chinese competition with U.S. exports in foreign markets.
Table 2
We attempt to illustrate this competition in Figure 17 . Each point of the scatter plot represents the value of U.S. exports in 2000 (horizontal axis) and 2007 (vertical axis). The points are drawn from the 100 largest 4-digit HS categories in 2007. We shaded a point red if that category was also one of the top 50 categories of Chinese export growth measured in dollars. The red dots primarily fall below the trend line (dashed-red). Moreover, the red-shaded points that fall below the 45 degree line, indicating that those categories fell in dollar value between 2000 and 2007, are all high-tech goods.
As these high-tech goods evolved rapidly in the 2000s, the United States did not make the capital investment necessary to maintain its competitive position because of the bursting of the tech bubble and ensuing recession. In 2002 and 2003, the stock of private fixed assets in the computer and electronics industry fell for the first time in the postwar era. In contrast, Chinese investment in high-tech was soaring. The welfare implications for the United States of the increase in Chinese exports is beyond the scope of this paper, but it is important to note that it is not at all clear that the costs outweighed the benefits. Although the loss of manufacturing jobs is obviously costly to those individuals, the benefits to society included lower prices, more rapid adoption of new technology, and efficiency gains from the removal of trade barriers and through increased competition. Kamin et al (2006) 
Chinese Competition is an Excelent Predictor of Slow Export Growth
On average, Chinese competition reduced growth of exports by a factor of 4.
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foreign producers. The IMF and others project China's trade surplus will again surge. For example, in its 2011 Article IV for China, the IMF projected that Chinese exports will more than double from $1.6 trillion in 2010 to $4.2 trillion in 2016. But which sectors will generate this growth and to whom will these goods go? For apparel, furniture, and steel, it is unlikely that China will be able to repeat the massive surge in exports experienced earlier this decade. China now has a high market share in these categories and the categories themselves are unlikely to experience tremendous global growth. For high-tech products, China may be able to repeat its success, but it will be difficult. For example, China already produces most of the world's laptops. For some of the products discussed in this paper, there may be some room for China to increase market share further, but China's ability to gain additional market share in these now more mature markets, with more established players, is far from certain. Although China retains the draw of its huge domestic market, recent increases in wages have likely eroded, at least to a degree, its cost advantage relative to its neighboring emerging market economies. When the next product comes along that is adopted quickly and globally, such as the cell phone, it is not clear that China will be the country best positioned to dominate the market.
A final point is that, no matter the sector, there must be an importer on the other side of China's exports. If Chinese exports increase by $2.6 trillion, then the rest of the world's imports must also increase by that sum. This notion often gets swept under the carpet. For example, the IMF's April 2011 WEO projects the current account surplus of the emerging and developing economies will increase by more than $520 billion between 2010 and 2016 but that the deficit in the advanced economies will increase by only $200 billion-the majority of the burgeoning surplus in the emerging markets is added to the statistical discrepancy.
SECTION 5: Conclusion
This paper examines the underlying causes of China's rapid growth of exports over the past decade. An undervalued exchange rate likely contributed to a degree, but export growth was relatively concentrated in select industries when one would expect the exchange rate to have a broader impact. Labor-intensive industries such as apparel, textiles, and furniture, benefited from China's WTO ascension. The apparel and textile industries saw massive gains following the expiration of multilateral agreements which had limited China's exports. Capital and energy-intensive industries, particularly iron and steel, benefited from government subsidies. These industries also benefited from Chinese reforms that led to state-owned enterprises becoming increasingly profitable. These profits, retained by the SOEs, resulted in an expansion of capacity and production beyond the domestic market's ability to absorb it.
These explanations, however, can take one only so far, as nearly half of Chinese export growth occurred in the "machinery" categories. It is only by examining more detailed Chinese trade data that one can see that this growth was heavily concentrated in a few specific high-tech products-cell phones, laptops, liquid crystal displays, and integrated electronic circuits. China was able to rapidly increase its exports of these products because of: industrial policy, such as science parks, that specifically encouraged these types of exports; an explosion in global demand for these products, with Chinese domestic demand leading the way; and, finally, a sharp fall in U.S. high-tech fixed investment, which contributed to China's ability to dominate these new technologies.
Further, this expansion of Chinese exports led to a decline in manufacturing share of the advanced economies, and in many cases a decline in manufacturing employment. We show that Chinese exports can help account for a significant portion of U.S. job losses at the industry level, but that macroeconomic fundamentals explain the majority of the fall in U.S. manufacturing employment between 2000 and 2007. Also, as we have noted earlier, quite a number of the jobs lost over this period, particularly in the textile, apparel, and furniture industries, would have moved to China earlier, owing to its natural comparative advantage in labor-intensive production, if not for protective tariffs and trade agreements. Chinese industrial policy aided the country's exports of high-tech goods, but China was also able to gain a competitive position in key products because it invested heavily at a time of burgeoning global demand for these products and diminished U.S. investment.
